A theory of auroral kilometric radiation due to the nonlinear interaction between negative energy electromagnetic waves and coherent electrostatic ion cyclotron waves is developed. The theory predicts that such radiation produced must have X mode polarization and must have a frequency that lies in a narrow band between the right-hand cutoff and the Doppler-shifted beam cyclotron frequency for each local point of origin. The basic requirement for free space accessibility is the presence of high-energy beams in the inverted V events and a density-depleted cavity of the type observed by Isis I measurements. Beam densities of the order of 10 -3 of the (depleted) background density appear to be necessary for the instability producing the radiation. Under ideal conditions, paths of wave growth of the order of 100 km may be adequate to produce observed radiation levels from electromagnetic noise at the appropriate frequency in the source region.
0.2wee. (These are probably caused by the large potential drop in those regions associated with the discrete auroral arcs.)
A number of theories have been proposed in the literature to explain the occurrence of the high-intensity radiation. Oya [1974] proposed a mechanism for the well-known Jovian decametric radiation (thought to have an origin similar to that of the terrestrial kilometric radiation) that involved the creation of electromagnetic radiation by a mode conversion process. This mechanism was extended to kilometric radiation by Benson [1975] . In this model, excited plasma waves were converted into the X mode at the upper hybrid frequency. This mode was then converted to the O mode. The overall efficiency of this mechanism is estimated to be a few percent.
There are two major drawbacks with this theory. First, the polarization is in disagreement with recent polarization measurements, including both far field measurements [Gurnett and Green, 1978] and measurements at the source [Benson and Calvert, 1979] . Second, the overall efficiency, which is the product of the efficiencies of two inefficient conversion mechanisms, is too small. This does not even take into account the conversion efficiency of precipitating electrons into electrostatic plasma waves in the first place. Thus it is highly unlikely that this indirect mechanism could produce final output radiation that is of the order of 1% of precipitating electron (or electron beam) energy.
Melrose [1976] proposed a theory for the Jovian decametric and terrestrial kilometric radiation that involves directly amplitied gyroemissions. In this mechanism, radiation is emitted at the electron cyclotron frequency and its harmonics, which have been Doppler-shifted by electron streaming. This radiation is then amplified because of assumed anisotropic velocity distribution functions. It is also assumed that the electron streaming velocity is large enough to allow the radiation to escape to free space.
The frequency for the radiation required in Melrose's theory will turn out to be the most favorable frequency for radiation in the theory proposed in the present paper. However, to
Paper number 80A0330. 3337 get growth rates required to produce kilometric radiation at the observed level by anisotropic velocity space instabilities would appear to require very large anisotropies in velocity space. There is at present no experimental evidence for such large anisotropies. Wu and Lee [1979] have recently proposed a mechanism that involves a velocity space instability, namely, a loss cone type instability. In their model, precipitating electrons stream down the (converging) magnetic field lines toward earth until they encounter an effective magnetic mirror in a region of higher magnetic field strength. They then undergo reflection and travel up diverging magnetic field lines. Some of the upgoing particles are lost through the loss cone, and the resulting velocity distributions lead to a loss cone instability.
Wu and Lee incorporate into their model a long density-depleted cavity in which the unstable wave grows, as found by
Benson and Calvert on Isis 1. This cavity was not considered in any of the previous papers but will be assumed in our theory. The most probable explanation is that the cavity is formed by large potential drops known to be present in the auroral region, which also tend to drive large electron (and even ion) beams. For example, if we assume the background density is close to thermodynamic equilibrium, then the density profile is determined by the Boltzmann form per hybrid frequency) for %,e > Wce and that the X mode should dominate at •o --2wuh for Roux and Pellat argue that a coherent nonlinear theory, such as their proposal or the present proposal, should be more efficient in general than an incoherent linear mechanism or even a coherent linear mechanism. However, their particular nonlinear mechanism, which requires the creation of a high phase velocity transverse wave from two low phase velocity longitudinal waves, would be expected to be rather inefficient. Also, their prediction of radiation in the X mode at •o --2w•s for the density-depleted case observed is in apparent disagreement with the observation that the frequency at the origin is just above the fight-hand cutoff frequency. Roux and Pellat also mention the possibility of the nonlinear interaction of an upper hybrid wave and a lower hybrid wave to produce radiation at oo = OJuh "[-O.)ih. However, since O.)pe << Wce in the density cavity, the resulting radiation would be below the fight-hand cutoff.
Finally, a theory proposed by Palmadesso et al. [1976] assumed that electromagnetic 'noise' gets amplified through its interaction with ion turbulence. The nonlinear beat wave of these two waves is amplified by electron beams, and thus the electromagnetic wave is thereby parametrically amplified. We will employ a similar mechanism in the theory presented in the present paper.
In the Palmadesso theory, both the RX and LO modes were assumed to be amplified by the above mechanism. However, for the beam to significantly amplify the beat wave, and hence the electromagnetic wave, the beat wave was assumed to be almost a natural mode of the plasma and required to have a slow phase velocity (oo/k << c). This required generation at frequencies below the upper hybrid. Thus the RX mode would encounter a cutoff at frequencies between the upper hybrid and the right-hand cutoff and not escape to free space. Thus only the LO mode would be observed, contrary to recent polarization measurements. Also, the ion waves were taken to be incoherent (turbulent) and assumed to be isotropic for con- We will construct the present theory with the same p•' ciple underlying mechanism. However, we will construct a new theoretical framework, so the formulation of the theory will be different. We will assume that coherent electrostatic density fluctuations (due to low-frequency E!C waves) propagating perpendicular to the magnetic field are present. We will concentrate on the case that there is a resonant interaction between electromagnetic wave and the coherent density fluctuations, a case not considered by Palmadesso et al. [1976] . It will be shown that the X mode is preferentially amplified over the O mode in this model and that the X mode can grow rapidly in a narrow frequency band that is accessible to free space. The basic requirement for this last condition to exist will be shown to be that a density cavity of precisely the density observed is present at the source. 
The first two roots are just the fundamental mode, and the last four are simple first harmonics. However, for e --• 0 the amplitudes añ! ñ of these harmonics are zero.
STABILITY CRITERION AND GROWTH RATES
When the electromagnetic wave is propagating (i.e., for Cg ! > 0), then the q's in (16) for the unmodulated wave are real. However, the presence of density fluctuations (so e • 0) causes the roots for q in (14) to be complex for certain conditions, so that the propagating wave has growing or decaying solutions. Figure 7 . If we assume the density depletion is caused by the inverted V events, the cavity width may be •,200 km, which is the typical width of the inverted V high-energy beam region [Frank and Ackerson, 1971] . Radiation may then undergo multiple reflection off the density cavity boundaries, where the density is higher, if the right-hand cutoff layer is encountered there, and amplify on each pass. The cavity length may typically be a few thousand kilometers, since the inverted V region length is much greater than its width. This might then be enough to allow the wave to propagate to a region where the background density (outside the density-depleted region) is such that at the cavity boundary the wave is accessible to free space. Note that waves propagating in directions toward higher magnetic fields and higher densities will eventually reach the fight-hand cutoff layer and reflect back toward lower field and density regions. Thus this radiation may also reach a region of escape to free space.
We may make an estimate of the path lengths required for the amplifying wave to grow from the noise levels present in the inverted V region to the power levels of AKR observed coming from that region. We know that total estimated power flux to be $S. dA --109 W [Gurnett, 1974] . If we now model the source region as a cylinder with radius 100 km and length 2000 km (consistent with the density cavity and inverted V dimensions just discussed) and take S to be roughly constant on the cylinder surface, the radiated power per unit area is $ •, 10 -3 W/m 2. On the other hand, we will take the wave noise In Figure 8b it is seen that the beam interacts with and effectively amplifies the nonlinear beat wave between the EIC mode and the X mode. This mode is a driven or virtual mode, also called a quasi-mode, since it is not necessarily a natural mode of the system. We may learn more about this nonlinearly driven mode by looking at its phase, which is the It was found that for reasonable noise levels (X mode waves at frequencies in the AKR band present in this density-depleted 'cavity') a growth length of • 100 km or so was adequate to produce the AKR power levels observed. For cavity dimensions inferred from the size of the inverted V region we concluded that growth lengths of a few times this value should easily be available.
We noted that two other properties of AKR may be explained by this model. One is the apparent harmonic band structure reported by Benson and Calvert. The other is the bursty nature of AKR, which could easily result from temporal variations in plasma density, magnetic field, and beam energy in regions of marginal instability of the AKR.
One limitation of the present work is that a steady state model was used in which the density fluctuation amplitude associated with the EIC waves was taken to be constant in time.
However, our Feynman diagram interpretation of the growth mechanism indicates that a more dynamical process is occurring, since EIC waves are both being absorbed by the X mode and being produced by the beam. A steady state is reached when the absorption and production rates balance. The full dynamical model will be analyzed in a future paper.
It should be noted that there are possible future applications of the proposed mechanism for generation of radiation to laboratory sources of high-intensity radiation and possibly even plasma-based masers or lasers. This is related to the Lin et al. [1973] proposal for a plasma laser. A future paper on that area is planned. 
